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Chronic venous insufficiency: Clinical and duplex
correlations. The Edinburgh Vein Study of venous
disorders in the general population
C. Vaughan Ruckley, ChM, Christine J. Evans, MFPHM, Paul L. Allan, FRCR, Amanda J. Lee, PhD,
and F. Gerald R. Fowkes, FRCPE, Edinburgh, Scotland
Objective: The objective of this study was to determine the prevalence of chronic venous insufficiency (CVI) in the general
population and to correlate its clinical features with sonographically proven venous reflux.
Design of Study: The study design was a cross-sectional survey of the general population.
Subjects and Method: Ambulatory men and women, aged 18-64 years, were selected randomly from 12 general practices.
Subjects were examined for CVI. Eight segments of the deep and superficial veins were assessed for reflux by means of
duplex scanning.
Results: A total of 1566 subjects were screened (867 women, mean age 44.8 years; 699 men, mean age 45.8 years) of
whom 124 were diagnosed as having CVI: 95, grade 1; 19, grade 2; and 10, grade 3. The age-adjusted prevalence for the
whole population was 9.4% in men and 6.6% in women. Prevalence of CVI correlated closely with age and sex, being
21.2% in men >50 years and 12.0% in women >50 years. Heaviness and tension, and a feeling of swelling, aching, and
itching, were significantly associated with worsening grade of CVI. CVI was significantly associated with reflux in all deep
and superficial segments. The frequency of reflux in both superficial and deep segments increased with the clinical severity
of disease. In 30.8% of subjects with CVI in the left leg, reflux was limited to the superficial system.
Conclusions: The prevalence of CVI rises steeply with age. There is a strong correlation between venous symptoms and the
presence and severity of CVI. CVI is associated in approximately one third of the subjects with incompetence limited to
the superficial system and in these a good therapeutic outcome could be expected from surgery to the superficial veins. The
severity of clinical features, including Basle CVI grade 1, correlates significantly with prevalence of valvular reflux in the
deep and superficial systems. If leg ulcers are to be prevented by timely intervention, a better understanding of the natural
history of the association between presenting features and disordered hemodynamics is required. (J Vasc Surg 2002;36:
520-5.)
The term chronic venous insufficiency (CVI) is used
indiscriminately in the literature. For the purposes of this
study, it is defined as the signs of that category of venous
disease in which there are chronic pathologic changes in the
skin and subcutaneous tissues of the lower leg. Subjects
with truncal varices are not classified as CVI unless they
have corona phlebectatica, lipodermatosclerosis, or open
ulceration. Accurate data on the costs of chronic venous
disease, of which CVI is a major component, in Europe and
the United States have proved difficult to acquire1 but are
in the region of 2% of the total health care expenditure.2
For the United Kingdom, this amounts to approximately
£1 billion per annum ($1.5 billion US).
Epidemiologic information on CVI remains scant.
Much “static” information has been derived from point-
prevalence population studies on chronic leg ulceration in
various countries,3-11 and the advent of duplex scanning
has made possible cross-sectional studies of patients attend-
ing specialist clinics who have a range of venous condi-
tions.12-21 These studies provide correlations between val-
vular insufficiency and disease severity. However CVI is a
dynamic process. Crucial questions concerning the evolu-
tion of venous disease, particularly the prognostic signifi-
cance of early, clinically detectable, pathologic change as-
sociated with patterns of valvular incompetence, remain to
be answered. To our knowledge the full spectrum of CVI
has not been previously studied in the general population in
terms of its correlation with duplex findings.
We have previously reported the methods22 and some
of the findings from the Edinburgh Vein Study, including
the prevalence of varicose veins and CVI23 and the patterns
of reflux in this general population.24 The correlation be-
tween symptoms and clinical features in the general popu-
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lation has been analyzed,25 as have the reflux patterns in
subjects with varicose veins.26 Until these correlations are
understood, attempts to classify chronic venous disease
stand on shaky foundations. The purposes of this paper are to
focus on CVI, to define its frequency in the general popula-
tion, and to correlate the clinical features with patterns of
valvular reflux in the superficial and deep venous systems.
METHODS
An age-stratified cross-sectional random sample of men
and women, aged 18-64 years, was derived from the com-
puterized age-sex registers of 12 general practices, which
were geographically and socioeconomically evenly distrib-
uted across Edinburgh. Because most of the public in the
United Kingdom is registered with a general practitioner,
our cohort is a representative cross-section of the general
population. It was calculated that 1500 subjects would be
required to provide adequate precision for prevalence, de-
tect a significant difference between groups, and provide a
sufficient cohort for later follow-up studies.
Details of the methods and response rates in the Edin-
burgh Vein Study have been reported previously.22 In
brief, participants attended a clinic at the University of
Edinburgh between May 1994 and April 1996, where they
completed a self-administered questionnaire and were ex-
amined, photographed, underwent a duplex scan, and had
blood taken by a team comprising a nurse, a technician, and
a medically qualified research fellow. The method of exam-
ination and the clinical criteria and categories of CVI were
adopted from the Basle Study4,25 because the CEAP clas-
sification of chronic venous disease27 had not been devised
at the time this project started.
The Basle classification grades varicose veins and CVI
separately, the latter including only subjects who have the
cutaneous complications of venous hypertension. Varicose
veins are subdivided into three types: trunk varices, reticular
varices, and hyphenweb varices. The latter are small intra-
dermal varices. Reticular varices are dilated or tortuous
subcutaneous veins unrelated to saphenous trunks or their
branches. Trunks are defined as dilated or tortuous trunks
of the long or short saphenous vein and their branches of
the first or second order. Each of these three groups is
further subdivided into grades of severity 1 to 3, deter-
mined according to the degree and extent of the tortuosity
and prominence of the veins.4
CVI is graded 1 to 3. Grade 1 CVI is “corona phlebec-
tatica,” ie, a fan-shaped cluster of small dilated veins radi-
ating down from the soleal (Cockett) perforator area over
the medial side of the ankle and foot. Grade 2 is gaiter
distribution of hyper- or hypopigmented areas with or
without corona phlebectatica. Grade 3 is actual or healed
ulcer cruris. The correlation with the CEAP classification is
as follows: Basle CVI grade 1 has no precise equivalence in
CEAP but would be included in class 1, which is a broader
nonspecific category that also includes telangiectases and
reticular veins. Grade 2 corresponds to CEAP class 4 (skin
changes) and grade 3 to CEAP classes 5 and 6, healed or
active ulceration.
The duplex scans were performed with the Diasonics
Prisma VST duplex scanner (Diasonics, Sonotron, Zug,
Switzerland) by using a 5 MHZ linear array probe. A
pneumatic cuff (10 cm width), with automatic inflator
(Oak Medical, Scunthorpe, UK) producing an inflation
pressure of 110 mm Hg, was placed around the calf to
provide cephalad flow by means of a rapid inflation-defla-
tion cycle. The minimum refill time between compressions
was approximately 5 seconds. If this standard pressure did
not produce a forward flow equivalent to a minimum
standard Doppler shift of 0.5 to 1.0 kHz in the vein
segment under examination, then a manual squeeze was
used to elicit augmentation of venous flow for examination
of that vein segment. Occasionally a manual squeeze of the
thigh was employed. This technique mimics the hand-
squeeze method used clinically in most laboratories. This
was preferred to the slow inflation method of van Bem-
melen,12 which we have found to limit access to the seg-
ments being assessed.
Duplex examination was carried out on a tilting couch
with patients standing at a 45° angle. This posture was
adopted rather than the full erect posture, after a pilot study
showed that a substantial proportion of subjects, especially
in the younger age groups, felt faint when standing erect
during duplex examination. For examination of the thigh,
subjects stood with their backs to the couch with the leg to
be examined slightly flexed at the knee and the weight on
the opposite leg. For examination behind the knee, subjects
stood facing the couch with the leg to be examined slighted
flexed at the knee and the weight mainly on the opposite leg.
Eight vein segments were examined in both legs: (1)
the common femoral vein (CFV); (2) the superficial femo-
ral vein (SFV), approximately 2 cm below the confluence
with the profunda femoris vein (upper SFV); (3) the super-
ficial femoral vein in the lower third of the thigh (lower
SFV); (4) the popliteal vein above the knee crease (above-
knee popliteal ); (5) the popliteal below the knee crease
(below-knee popliteal); (6) the long saphenous vein below
the saphenofemoral junction (upper LSV); (7) the long
saphenous vein in the lower third of the thigh (lower thigh
LSV); and (8) the short saphenous vein (SSV) just below
the saphenopopliteal junction. The resolution of the scan-
ner available to the team at the time of the study did not
allow consistent assessment of the tibial veins or perforating
veins.
The beginning and end of the period of reflux were
identified and the reflux time was calculated to the nearest
one hundredth of a second to a maximum of eight seconds
as limited by screen size. The mean of two readings was
used for subsequent analysis. When there was a technical
difficulty or uncertainty about any finding the subject was
asked to return for examination by a radiologist (P.L.A.)
who used an Ultramark 9 color flow duplex scanner (ATL,
Bothell, Washington). When the findings of these two
scans differed significantly, the results of the second scan
were adopted for analysis.
The same three researchers were employed for the
entire study. Observer variations were minimized by use of
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standardized simultaneous training and regular correla-
tions between observers throughout the study.
Information from recording forms and questionnaires
was entered into a dBase IV database (dBase Inc, Vestal,
NY) and analyzed on the Edinburgh University mainframe
computer using SPSS-X (SPSS, Chicago, Ill) and SAS (SAS
Institute Inc, Cary, NC) packages. Student t test was used
to compare continuous parametric data between groups.
Fisher exact test and the 2 test for trend were used to
compare categorical data. For the trend test, if more than
20% of the expected frequencies were below 5, categories
were combined and the test repeated to ensure validity.
Age-adjusted prevalences were calculated using an SAS
macro (GLIMMIX), which fits generalized mixed models.
Reflux is defined in this report as 0.5 seconds.
RESULTS
Of the total of 2912 subjects who were invited to
participate in the study, 1566 attended (867 women and
699 men) giving a response rate of 53.8%. The mean age
was 44.8 years (standard error [SE], .43) for women and
45.8 (SE, .48) for men. The cohort comprised 98.9%
white, reflecting the ethnic mix in the city. The age-ad-
justed prevalence of subjects diagnosed as having stem
varicose veins was 39.7% (n 284) in men and 32.2% (n
274) in women (P  .01). A total of 124 subjects were
diagnosed as having CVI: 95, grade 1; 19, grade 2; and 10,
grade 3. The age-adjusted prevalence of CVI was 9.4%
(95% CI, 7.2-11.6) in men and 6.6% (95% CI, 4.9-8.3) in
women. There was no statistically significant difference in
the frequency of CVI between the right and left legs.
There was a close correlation between the prevalence of
CVI and age (Table I). In men 50 years of age the
prevalence was 21.2% and in females it was 12.0% (P 
.002). The prevalence of symptoms commonly attributed
to chronic venous disease by grade of CVI in the left leg is
shown in Table II. With increasing severity of CVI, the
prevalence each of heaviness, a feeling of swelling, aching,
and itching increased. Overall, the following symptoms
were significantly more frequent in the CVI group than in
those without CVI: heaviness and tension, a feeling of
swelling, aching, and itching in the right leg and aching,
cramps, and itching in the left leg (data not shown). Rest-
less legs and tingling were not significantly associated with
CVI in either leg.
When the prevalence of CVI was tabulated against the
grade of trunk varices (Table III), there was a highly
significant correlation, with those subjects with the most
severe trunk varices (grade 3) having the highest prevalence
of CVI. This relationship was seen in both sexes and in both
right and left legs.
With reference to the duplex scanning, in 75 subjects
(5%) out of the total population the radiologist was re-
quested to check the technician’s findings because of tech-
nical difficulties experienced in performing the scan. In 51
subjects (3% of the total series) the finding in one or more
of the sixteen segments was amended. Of all the segments
scanned, the findings in only 181 segments (0.66%) were
revised because of the re-scan. Data on the pattern of
venous segmental reflux were available on 1092 subjects on
whom a duplex scan was successfully and fully completed
for both legs. No statistically significant difference was
detected in the pattern of reflux between right and left legs.
Data are given here for the left leg and, because of small
numbers, CVI grades 2 and 3 are combined (Table IV).
One patient who was reported as having grade 2 CVI but
who had no detectable trunk varices, has been omitted
from the table. As a means of elucidating whether the
presence of corona phlebectatica carried significance inde-
pendent of the presence of varicose veins, the table also
includes grade 1 CVI in the presence and absence of trunk
varicose veins. With the noted exception, every subject with
grades 2 and 3 CVI also had trunk varicose veins. However
31% of subjects with grade 1 CVI had no trunk varices, and
these 13 subjects were, therefore, analyzed separately.
Given the relatively small numbers in each category, the
statistical significance of the test for trend should be inter-
preted with caution. Overall, worsening grade of CVI was
associated with a progressively higher prevalence of reflux
in all deep and superficial venous segments (P value for
trend.  .001).
In 30.8% of subjects with CVI in the left leg, reflux was
limited to the superficial veins; in 17.3% it was limited to the
deep (superficial femoral and/or popliteal) and in 26.9%
there was combined deep and superficial reflux. In 36.5% of
subjects with CVI no reflux was detected. No significant
differences were detected between the right and left legs.
The Figure shows the prevalence of reflux in the left leg
among subjects with CVI. Reflux in the upper long saphe-
nous segment was observed in 38.5%, in the lower long
saphenous in 48.1%, and in the short saphenous vein in
7.7%.
DISCUSSION
Varicose vein surgery is an effective treatment for ve-
nous ulcer when reflux is confined to the superficial sys-
tem,28 but not so when the deep system is affected by
primary valve incompetence or post-thrombotic dam-
age.29,30 Consequently, the ability to map the patterns of
reflux with ultrasound has become crucial to patient man-
agement. Several investigators have shown correlations be-
tween clinical severity of venous disease and the extent of
superficial and deep incompetence.12-19 However, these
studies have focused on patients with venous disease re-
Table I. Prevalence of CVI, in either leg or both legs,
according to age and sex
Age (y) Men Women
Within age
group P value
between sexes*
18-33 — 1.0 (2) NS
34-49 3.3 (9) 4.0 (13) NS
50 21.2 (60) 12.0 (40) .002
Within sex P value .001 .001
Data are n (%) unless indicated otherwise.
The values represent percentages of subjects with CVI within that age band.
*P  .05 is not significant (NS).
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ferred to specialist clinics. Therefore, to date, it has not
been possible to put the findings into context in terms of
the “natural” distribution of duplex-detected abnormalities
in the general population.
Current practice is to carry out lower limb duplex
scanning with the patient standing, and this might have
been preferable in this study. However, in pilot studies we
found that a proportion of volunteer subjects, especially
among the younger age groups, felt faint while being
examined. Prolonged examination of both legs, while
standing, was tiring for the elderly. We, therefore, adopted
a posture of 45° of tilt, whereby they continued to bear
weight but had a degree of support. This allowed maximum
participation, a standardized technique that suited the ma-
Table III. Prevalence of CVI by grade of trunk varices by sex in each leg
Grade of trunk varices Men (n  699) Women (n  867)
Men and women
(n  1566)
Right leg
None 3.4 (16) 1.1 (7) 2.0 (23)
Grade 1 13.6 (26) 12.6 (22) 13.2 (48)
Grade 2 38.7 (12) 23.1 (6) 31.6 (18)
Grade 3 100 (1) 75.0 (3) 80.0 (4)
Sex-specific P value for trend .001 .001 .001
Left leg
None 2.7 (13) 1.4 (9) 1.9 (22)
Grade 1 13.9 (26) 11.2 (19) 12.6 (45)
Grade 2 58.3 (14) 31.3 (10) 42.9 (24)
Grade 3 66.7 (4) 66.7 (4)
Sex-specific P value for trend .001 .001 .001
Values are percentage subjects with CVI within each grade of trunk varices (n).
Table IV. Prevalence of significant reflux according to grade of CVI and the presence of trunk varicose veins in 1092
subjects with complete scans
Segment
No trunk VVs
& no CVI
(n  808)
No trunk VVs
& grade 1
CVI (n  13)
Trunk VVs
& no CVI
(n  232)
Trunk VVs &
grade 1 CVI
(n  29)
Trunk VVs
& grades 2/3
CVI (n  9)
P value
for
trend
SSV 1.7 (14) — 10.8 (25) 10.3 (3) 11.1 (1) 0.001
LSVu 2.9 (23) — 28.0 (65) 51.7 (15) 55.6 (5) 0.001
LSVl 7.2 (58) 7.7 (1) 35.8 (83) 68.9 (20) 44.4 (4) 0.001
CFV 4.8 (39) 23.1 (3) 13.4 (31) 27.6 (8) 11.1 (1) 0.001
SFVu 3.0 (24) 7.7 (1) 7.3 (17) 17.2 (5) 22.2 (2) 0.001
SFVI 2.9 (23) 15.4 (2) 10.3 (24) 20.7 (6) 11.1 (1) 0.001
POPu 7.1 (57) 7.7 (1) 18.1 (42) 27.6 (8) 44.4 (4) 0.001
POPl 6.9 (56) 23.1 (3) 14.7 (34) 20.7 (6) 22.2 (2) 0.001
Values are % subjects with significant reflux (0.5 seconds) within each category of trunk varices and CVI (n). Data for left leg and sexes were combined.
CFV, Common femoral vein; LSVl, long saphenous vein, lower; LSVu, long saphenous vein, upper; POPl, popliteal vein, lower; POPu, popliteal vein, upper;
SFVI, superficial femoral vein, lower; SFVu, superficial femoral vein, upper; SSV, short saphenous vein; VV, varicose veins.
Grades 2 & 3 CVI were combined because of small numbers.
One subject with a complete scan who was reported as having grade 2/3 CVI but no detectable trunk VV incompetence has been omitted from the table. On
examination this subject was found to have probable incompetent perforators in both lower legs.
Table II. Prevalence of symptoms according to grade of CVI (left leg)
Symptom None
CVI grade
P value for
trend*1 2 3
Heaviness/tension 20.5 (300) 27.8 (20) 20.0 (3) 50.0 (4) .041
Swelling 14.2 (208) 16.7 (12) 33.3 (5) 37.5 (3) .011
Aching 39.7 (580) 51.4 (37) 40.0 (6) 75.0 (8) .018
Restless legs 27.0 (396) 36.1 (26) 13.3 (2) 12.5 (1) NS
Cramps 33.6 (492) 44.4 (32) 40.0 (6) 50.0 (4) .051
Itching 18.4 (269) 34.7 (25) 40.0 (6) 62.5 (5) .001
Tingling 15.7 (230) 22.2 (16) 26.7 (4) 25.0 (2) NS
Values are percentage of subjects with symptom (n) within each grade of CVI.
*P  .05, not significant (NS).
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jority of the population and allowed valid comparison
between subgroups. We were not able to obtain compara-
tive data in our subjects for these two postures, but, given
that both were weight-bearing, we consider that any differ-
ences are likely to be small.
The prevalence of CVI increases with age, a fact well
documented in epidemiologic studies of chronic leg ul-
cer.3-11,31 Increasing venous incompetence occurs with
age,32 but other age-related factors such as obesity, ar-
thropathy, and locomotor disorders also play a part in
causing or aggravating CVI. Because the mean ages in our
cohort were 44.8 for women and 45.8 for men, the major-
ity of our subjects with CVI were in grade 1 and the overall
prevalence of CVI was low at 9.4% and 6.6%, respectively.
However, in men between 50 and 64 years, the prevalence
of CVI was 21.2% and in women was 12.0%. The choice of
a wide but relatively youthful age range (18-64) in this
cross-sectional survey was deliberate in that it allowed us to
correlate patterns of disease with age, while at the same
time providing a cohort suitable for long-term follow-up
studies. Such studies will allow us to study the evolution of
disease in a population whose baseline disease and risk
factors have been documented.
The higher prevalence of varicose veins and CVI in men
compared with women was one of the surprising findings of
this study. This finding has been discussed at length in a
previous publication.23 Few other studies have specifically
investigated the prevalence of skin changes of CVI. Those
that have done so exhibit no consistent pattern in the
prevalence of CVI by sex.3-5
The spectrum of symptoms attributed to chronic ve-
nous disease in the literature is wide and nonspecific. Cor-
relations of symptoms with the presence of varicose veins 24
or with patterns of reflux26 have been shown to be poor in
this study. However, when the analysis focuses on clinically
detected CVI, the findings are different. Correlation of
clinically diagnosed grade of CVI (including Basle grade 1)
with symptoms shows significant associations of heaviness
and tension, a feeling of swelling, aching, cramps and
itching, whereas no relationship was demonstrated with
restless legs or tingling. We have also related clinical CVI
grades to the presence of deep and superficial reflux and
shown significant correlations.
Corona phlebectatica, or malleolar flare, has long been
considered to be associated with an incompetent medial
calf perforator—the Cockett “ankle blow-out” syn-
drome.33 The consistency of this relationship and what it
means in terms of deep and superficial incompetence needs
further study. CEAP does not have a specific category
corresponding to Basle CVI 1. In CEAP the term “malle-
olar flare” is included in class 1, which also includes minor
venous features such as telangiectases and reticular veins.
For this reason, a retrospective reclassification of our data
into CEAP has not proved either practical or appropriate.
The prevalence of deep incompetence in CVI (all cate-
gories) in this series was 44%. This figure is lower than the
average prevalence of deep incompetence of around 50%
that is reported in series of healed and unhealed leg ulcer
patients.12-21 As shown in Table IV, the prevalence of deep
incompetence in subjects with trunk varicose veins but no
CVI was lower in all deep segments than in patients with
trunk varices and grade 1 CVI. These findings appear to
confirm the view of the Basle group, embodied in their
classification, that grade 1 CVI is a recognizable stage in a
progression of clinical severity in association with deep and
superficial incompetence. It seems logical to suppose that
this progression culminates in chronic leg ulceration. This
needs to be verified in larger studies. If correct, corona
phlebectatica would be a valuable early and easily detect-
able marker for eventual ulceration. Such a relationship
would appear logical, given that high ambulatory pressures,
incompetent medial calf perforators, and retrograde flow
down the long saphenous system34 are commonly observed
in anatomic proximity to the apex of the malleolar flare.
Forty two (82%) of our subjects with CVI were in grade
1. Of these 29 (69%) had truncal varices. When CVI grade
1 was associated with truncal varices, the prevalence of
incompetence in both deep and superficial reflux was ap-
proximately double that observed in subjects with truncal
varices showing no CVI 1, suggesting that corona phlebec-
tatica is a marker for more advanced disease.
No reflux, either deep or superficial, could be demon-
strated in 36.5% of our patients with CVI. Unfortunately
duplex scanning of tibial veins and perforators was not done
in this study and, therefore, we cannot exclude incompe-
tence at calf level. It is possible that corona phlebectatica
only assumes clinical significance when associated with
demonstrable venous reflux.
Many patients with CVI are referred late, when the
tissue changes of lipodermatosclerosis and chronic ulcer are
long established, cure is difficult, and intervention fre-
quently unsuccessful. These findings suggest the hypothe-
sis that advanced skin changes and chronic leg ulceration
could be prevented in selected patients by means of inter-
vention in the prodromal stages of CVI, which can initially
be recognized by clinical examination and further defined
by duplex scan. Longitudinal epidemiologic studies that
define the evolutionary links between symptoms, clinical
Prevalence of reflux (0.5 seconds) in the left leg among subjects
with CVI. SSV, Short saphenous vein; LSV, long saphenous vein;
POP, popliteal vein; SFV, superficial femoral vein; CFV, common
femoral vein.
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features, and hemodynamic patterns in at-risk populations
are urgently needed.
The many attempts in recent years to classify chronic
venous disease (4, 27, 35-38) attest to the difficulties of
classifying a disease when the significance of the clinical
manifestations are not agreed, the pathophysiology is ill
understood, and the natural history has yet to be unraveled.
We believe that a meaningful classification is not possible
until the missing pieces have been fitted into the jigsaw.
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